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(54) Patent Title: Ion Beam Apparatus 

(57) Summary 
[Issue] 

In a heavy ion beam apparatus of a level of a few 
tens to 100 mA which is used for ion implantation or 
acceleration, the space charge within the beam is 
neutralized so that beam spreading is prevented and a 
beam with a large current is transported and utilized with 
excellent efficiency. 



[Resolution Means] 



1 



The magnetic field ofthe mass separator is utilized and 
electron cyclotron resonance plasma is generated with 
microwaves having a frequency of 5 GHz or higher. 
Electrons in the plasma neutralizes the space charge in the 
ion beam. 
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What is claimed is: 

Claim 1 Ion beam apparatus including an ion source to generate an ion beam, a magnetic-field- 
type mass separator to select a certain kind of ion from the ion beam extracted out of said ion source, 
an ion beam implantation chamber in which the mass-separated ion beam is implanted into a sample 
substrate, and an accelerator to further accelerate the mass-separated ions, wherein microwaves and a 
small amount of discharge gas are introduced in an separator tube of said magnetic-field-type mass 
separator so that plasma is generated in said separator tube. 

Claim 2 Ion beam apparatus of Claim 1 , wherein the frequency of the microwave which is 
introduced into said separator tube of said magnetic-field-type mass separator is the electron cyclotron 
resonance frequency for the magnetic field strength applied to said magnetic-field-type mass separator 
or within the range of ±10% around the resonance frequency. 

Claim 3 Ion beam apparatus of Claim 1 or 2, wherein as an introduction method of microwave 
into said separator tube, a hole is made on a portion of an iron core of a mass separator magnet and a 
microwave waveguide is attached to this portion so that the microwave is introduced into the separator 
tube which is placed between magnetic poles of the mass separator magnet; 

Claim 4 Ion beam apparatus of Claim 4, wherein the position of the opening section of the 
separator tube through which the microwave is introduced is provided in a position which avoids the 
area with a width equal to that of the magnetic poles around the geometric center orbit of said separator 
tube. 

Claim 5 Ion beam apparatus of Claim 1 or 2, wherein as an introduction method of microwave 
into said separator tubc^ the microwave is directly introduced at the side of said separator tube between 
the magnetic poles. 

Claim 6 Ion beam apparatus of Claim i, wherein the microwave oscillator is an oscillator whose 
frequency can be varied in a range between 5 to 30 GHz, fiirther wherein a frequency adjustment 
device is provided, and wherein when the magnetic field strength of the mass separator is changed in 
order to mass-separate another kind of ion from the beam which comes out of the ion source, the 
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frequency of the microwave oscillator is varied according to the signals from the frequency adjustment 
device so as to be able to satisfy the cyclotron resonance condition. 

Claim 7 Ion beam apparatus of Claim 1, wherein the microwave oscillator is an oscillator with a 
fixed frequency, fiirther wherein a beam orbit adjustment device is provided, and wherein when 
another kind of ion is mass-separated from the beam which comes out of the ion source, the magnetic 
field strength of the mass separator is fixed and the extraction voltage of the ion source is changed 
according to the signals whose values are set by the beam orbit adjustment device so that the ion beam 
passes along the center orbit of the separator tube. 

[Detailed Explanation of Invention] 
[0001] 

[Technical Field to Which the Invention Belongs] 

The present Invention relates to an ion beam apparatus. 

[0002] 

[Prior Art Technology] 

Using an ion implantation apparatus, prior art technology is explained in Figure 2. If an 
accelerator is provided instead of an implantation chamber in the figure, the present apparatus turns 
into an ion beam source apparatus for the accelerator. In Figure 2, an ion beam 6 is extracted from an 
ion source 1 . Because the extracted ion beam 6 includes various types of ions, it is passed through a 
mass separator 2 which selects a desired ion 6'. The selected ion beam 6' is then implanted into a 
sample substrate 5 which is placed in the ion implantation chamber 4, after a rear stage accelerator 
accelerates the beam and a beam controller 3, including magnetic lenses, adjusts the shape of its cross 
section and the angle of beam spreading. Some ion implantation apparatuses may not have the 
controller 3. Moreover, the beam line of the ion beam apparatus of Figure 2 is under high vacuum. 
[0003] 

When a beam current in such an ion beam apparatus is increased to 10 mA or larger and enters 
a large current regime, an issue which arises from a large current occurs. The issue is that the effect of 
beam spreading, which is caused by ion space charges, becomes large and the transported beam current 
would not stop to increase further. In a large current, the repulsive Coulomb force between ions makes 
the beam spreading effect more pronounced and a portion of the beam from the an ion source will hit 
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walls and will be lost before reaching a target. In such a case, even if a large current can be extracted 
from an ion source, the beam transport efficiency degrades and thus, the current available for 
implantation would not increase. On the other hand, from the viewpoint of an ion beam source 
apparatus, the beam spreading of a large current due to the same space charge efiTect greatly degrades 
the beam quality (emittance). The issue was that even when a large beam enters the accelerator, the 
accelerated usable beam current does not increase. 
[0004] 

In order to resolve such an issue, prior art technology employed a magnetic type for a mass 
separator and beam controller 3. This is employed because secondary electrons, which are generated 
when ions collide against residual gas or chamber walls, are allowed to be more readily incorporated 
into the ion beam so as to cancel the space charge of the ion beam. 
[0005] 

However, such technology would not allow for sufficient cancellation of the space charge of a 
heavy ion beam with an ion beam current of a few tens of mA to 100 mA, and beam spreading would 
tend to occur. Thus, in order to transport a beam with a large beam current and cKcellent efficiency, it 
is necessary to improve the vacuum level so that the loss due to collisions with residual gas can be 
reduced, and for that purpose, the vacuum level in an apparatus must be greatly improved. Moreover, 
a beam with a larger beam current carries a larger beam power and the thermal load generated when it 
collides with walls would be larger. Then, burdens such as cooling would increase. Hence, techniques 
must be employed in order to transport an ion beam with eliminating the collision into as much as 
possible. In other words, the larger the beam current becomes, the harder it becomes to generate a 
sufficient amount of secondary electrons so as to cancel the space charge. 

[0006] 

[Issue to be Resolved by the Invention] 

The purpose of the present invention is to provide an ion beam apparatus in which space charge 
in an ion beam with a current as large as a few tens of mA to 100 mA would not cause beam spreading 
and emittance degradation so that the large-current ion beam can be obtained with excellent quality. 
For this purpose, the issue is to cancel the space charge in an ion beam 

[0007] 
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[Means to Solve the Issue] 

In order to prevent the spreading effect due to the ion beam space charge from taking place 
when a beam current is increased while a high vacuum is maintained, it will be sufficient to have an 
electron source somewhere along the beam line which generates enough electrons to compensate for 
the increase in the beam current. For this, it wHI be sufficient to provide plasma containing many 
electrons along the beam line. However, in a normal plasma generation process, a discharge gas is 
flown and hence, the vacuum level degrades. Thus, the loss due to collisions of ions with gas particles 
increases. Therefore, this technique is not put to practical use. In general, a magnetic field is applied 
for plasma generation. If a magnetic field is added somewhere (such as between the ion source and 
mass separator or between the mass separator and implantation chamber) along the beam line 
illustrated in Figure 2 for the purpose of generating plasma, the force induced by this magnetic fields 
urmecessarily bends the original passage Of the ion beam, causing the degradation of beam shape or 
emittance. 
[0008] 

If plasma can be generated in a mass separator tube through which the ion beam passes, making 
use of the magnetic field of the mass separator, instead of generating plasma somewhere along the 
beam line, beam degradation due to the addition of an urmecessary magnetic field would be prevented. 
Furthermore, utilizing microwave discharge with the frequency where the electron cyclotron resonance 
(abbreviated as ECR) occurs for the magnetic field strength in the mass separator, plasma can be 
generated at a very low gas pressure. Hence, ion beam loss due to collisions of the ion beam wi th 
discharge gas can be reduced. 
[0009] 

The present invention in which plasma is generated in the separator tube in the mass separator 
allows ECR plasma to be utilized as a high-vacuum electron source having sufficient electrons to 
neutralize the ion beam space charge in an ion beam apparatus having a beam with a current level of a 
few tens of mA to 100 mA. Moreover, the existence of the plasma or the lack thereof does not alter 
the magnetic field strength or the energy of ions. Hence, the original function of the mass separator 
can be maintained without change. 

[001 OJ 

[Embodiment of the Invention] 
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Below» the principle of the present invention is explained based on examples. Figure 1 shows 
one of the examples of the present invention. In the figure, an opening section 9 is provided in the 
mass separator, so that microwave out of a microwave oscillator 8 passes through a waveguide 1 0 and 
can be introduced to a mass separator tube 13. Using a gas introduction system 7> a small amount of 
discharge gas is introduced via one end of the separator tube. The frequency of the microwave is 
chosen to be 5 GHz or higher so that the dimensions of the waveguide can be made smaller The 
conditions below determine the microwave frequency when plasma 1 1 is generated in the separator 
tube 13 under the cyclotron resonance conditions. 
[0011] 

First, when ions are extracted from the ion source by a voltage V and are mass-separated under 
a magnetic field strength of B in the mass separator, the mass-separated ions pass along the central 
orbit of the mass separator tube. Let the orbit radius be denoted by "r", the ion mass by "M", and the 
ionic charge by "q"» Then, the necessary magnetic field strength B is given using the following 
equation. 
[0012] 
[Equation 1] 

B - k ({(M/q) V)^^"^) / r, [Equation 1] 

[0013] 

where '*k" is a constant. On the other hand, the microwave frequency f, which provides the electron 
cyclotron resonance condition corresponding to the magnetic field B in Equation 1 , is given using the 
following equation. 
[0014] 
[Equation 2] 

f = ( l/27t)»(e/m) -B, [Equation 2] 

where "e" and "m" are the electrical charge and mass of an electron, respectively. 

(00151 

In the real example of Figure 1, an oscillator with a fixed fi^equency was used as the microwave 
oscillator. From the microwave firequency, the magnetic field strength for the electron cyclotron 
resonance condition was obtained. Next, an extraction voltage for the ion source and the center orbit 
radius were calculated so that desired ions passed along the center orbit in the separator tube. In 
general, it is more beneficial to keep an extraction voltage for the ion source constant at a large value 
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irrespective of the kind of ions from the viewpoints of stable operation of the ion source and the 
extraction of a large current. It is part of basic and usually-used specifications for an ion beam 
apparatus to be able to select the kind of ions by varying the magnetic field strength of a mass 
separator while maintaining the voltage of an ion source constant. In the present example, the 
microwave frequency was fixed and hence, plasma was generated only for a particular ion. In order to 
apply the present invention to other ions, it is practical to change the microwave frequency based on 
Equation 2. 
[0016] 

In the example of Figure 1, a microwave ion source was used as the ion source and a nitrogen 
beam at levels of a few tens of mA to 100 mA was extracted under an ion source voltage of 50 kV. 
The microwave frequency introduced into the separator tube of the mass separator was set to 1 0 GHz. 
The electrical power was a few k W. The center orbital radius "r" and resonance magnetic field 
strength "B" were determined and the structure of the mass separator was designed so that the electron 
cyclotron resonance condition was satisfied at this frequency. Argon gas was used as the discharge gas 
in the separator tube. As a result, argon plasma was generated in separator tube 13 under the high 
vacuum of 1 0"^ Pa or lower. As for the ignition of the plasma, the plasma was able to be ignited 
even when the magnetic field strength of the mass separator magnet was varied by 10% from the 
design value by adjusting the gas pressure and so forth. As long as the magnetic field strength was 
returned to the design value, which maintains the beam at the center orbit and satisfies the electron 
cyclotron resonance condition, the plasma did not disappear but was continuously generated. 
[0017] 

In order to verify the effect to reduce the ion beam spreading effect when the plasma was 
ignited, a beam current or emittance measurement instrument substituted sample substrate 5 in 
implantation chamber 4 so that the beam current or emittance can be measured. 
[0018] 

The results show no change in the ion current in the implantation chamber when the ion beam 
current exU-acted from the ion source was 20 mA or lower, while the beam current which was larger 
than 20 mA increased after the plasma was ignited. In particular when the current exceeded 100 mA, 
the existence of the plasma greatly increased the beam current in the implantation chamber and 
improved the ratio of the beam current arriving to the implantation chamber over the beam current 
exiting the ion source (transportation ratio) from approximately 40% to 70% or better. Thus, an ion 
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beam current in the implantation chamber of more than 100 mA was able to be obtained with ease. 
The size of the beam spot in the implantation chamber was maintained at the same size as that when 
the current was small. Figure 9 shows the results to study the variation of the emittance depending on 
whether or not the plasma was generated in the mass separator tube of the present invention. In the 
figure, the horizontal axis shows the beam current as measured in the implantation chamber and the 
vertical axis shows the normalized emittance of the beam. As for the quality of a beam^ a smaller 
emittance value indicates a beam with better quality. The figure teaches that the existence of the 
plasma suppressed the increase in emittance even when the beam current was increased. Moreover, 
while Figure 9 shows the results obtained with nitrogen ions, the same results were obtained for ions 
such as oxygen, hydrogen, boron, phosphor, arsenic and carbon. 
[0019] 

Next, Figure 3 shows the cross sections of the mass separator and separator tube in the example 
of Figure 1. The mass separator consists of a yoke 14 and coils 15. The radio wave from microwave 
oscillator 8 for generating the plasma passes through opening section 9 of the mass separator which is 
provided in order to introduce microwave and then passes through an opening section 9* of the 
separator tube. Thus, it is guided to the separator tube. Near opening section 9' somewhere along 
waveguide 10, a microwave vacuum pulliiig window 20 made of an insulator is provided. In 
particular, microwave vacuum pulling window 20 is placed slightly away from opening section 9' as 
illustrated in (he figure so that the direct exposure to a beam 6 and plasma 1 1 would not contaminate 
the window, 
[0020] 

Figure 4 is a detailed top view of separator tube 13. The separator tube is for a 90° deflection. 
The radial center of the center orbit is point O' in the figure. In the present invention, special 
consideration was given to the placement of opening section 9' . This was done because in the section 
within a width "g*' (the width of the magnet poles shown in Figure 3) across the center orbit as 
illustrated by the hatched area in the figure, an uniform magnetic field is necessary in order to maintain 
the ability to mass-separate, and opening section 9' is positioned to avoid this area. This consideration 
will eliminate the disturbance by the opening section to the uniform magnetic field. 
[0021] 

Next, Figure 5 explains another example which is based on the present invention. In the figure, 
microwave was introduced between the magnetic poles in a mass separator. A detailed cross section of 
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the mass separator of this example is shown in Figure 6. In this example, the orientation of the 
magnetic field between the magnetic poles of the mass separator was perpendicular to the direction of 
the microwave propagation. From the viewpoint to create easier ignition using microwave, the 
example of Figure I in which the orientation of the magnetic field coincides with the direction of the 
microwave propagation is better. In comparison to the example in Figure I, the introduced microwave 
power slightly increased. However, plasma was ignited sufficiently even with the design of Figure 5. 
The improvement due to the present invention was observed as illustrated in Figure 9. 
[0022] 

Figure 6 explains yet another example which is based on the present invention. In the example 
of Figure I, the embodiment was performed using an ion beam made of nitrogen atoms. When the 
operation conditions of the ion source are changed, an ion beam with a large current made of nitrogen 
molecules can be extracted with the same extraction voltage. In order to separate an ion beam made of 
nitrogen molecules using a mass separator, a magnetic field strength needs to be 1.414 times stronger 
than that for an ion beam made of nitrogen atoms. In this example, an oscillator (in reality a klystron 
oscillator) 8' which allowed the frequency to be varied in a range between 5 and 30 GHz was used as a 
microwave oscillator. Moreover, a frequency adjustment device 1 7 was provided so that the 
microwave frequency was varied according to Equation 2 as the magnetic field strength was varied. In 
the figure, 16 denotes a magnetic field driving power supply for the coils 1 5. Its output corresponded 
to the magnetic field strength and hence, part of the output control signals was introduced into the 
frequency adjustment device so that the microwave frequency was varied according to the signals. In 
this example, the extraction voltage of the ion source was 50 kV, which is the same value as that for 
extracting nitrogen atoms. Therefore, the switching of the ion source for nitrogen molecules was 
conducted with ease. 
[0023] 

Figure 8 shows the other example of the present invention. In the figure, a fixed frequency 
oscillator (1 0 GHz) was used as a microwave oscillator 8. As for the switching of ions in this example, 
contrarily to that in Figure 7, the magnetic field strength in the mass separator was kept constant and 
the electron cyclotron resonance condition was not changed. ''V" in Equation 1 was varied so that 
other kinds of ions were mass-separated. In this case, the extraction voltage of the ion source changed 
and hence, an issue arose in that the beam current from the ion source changed. However, the effect in 
which plasma ignition improves the beam transportation ratio was similarly confirmed* 

to 



aoidao osA 



^ZIL 80C £01 XVd LQ'ZX aSAi ZO/OT/IO 



[0024] 

Although argon gas was used for plasma generation by the electron cyclotron resonance (ECR) 
in the examples, it is obvious from the nature of the present invention that other gas can be used. 
Moreover, in the examples of Figures 1 through 8, an ion implantation chamber was used for ion 
implantation into a semiconductor. In these cases, it was observed that plasma irradiation bombarded 
the inner walls of the separator tube and generated impurities which were implanted into the 
semiconductor substrate surface as contaminants. In order to prevent this, silicon substrates were 
placed on the entire inner walls of separator tube 13. As a result, drastic contamination prevention in 
the implantation into silicon was achieved. It was found that when the present invention is applied to 
implantation into silicon semiconductors, placing silicon substrates on the inner walls of the separator 
tube is particularly effective. On the other hand, when an implantation chamber is utilized in an 
accelerator, the distance between a mass separator to a sample becomes much longer. Hence, in 
reality, the prevention method such as placing silicon substrates turned out to be unnecessary. 

[0025] 

[Advantages of the Invention] 

The present invention prevents beam spreading and loss due to the space charge belonging to 
the ion beam itself in an ion beam apparatus which handles a heavy ion beam with a level of a few tens 
to 100 mA. When an ion beam with a large current is utilized, a portion of the ion beam which 
otherwise would be wasted can be utilized for ion implantation or acceleration. Thus, the practical 
effect becomes very large. 

[Brief Explanation of Figures] 

[Figure 1 ] Explanation of the principle of an example of the present invention 

[Figure 2] Explanation of a prior art ion beam apparatus 

[Figure 3] A cross section of the mass separator and separator tube in the example of Figure 1 

[Figure 4] A detailed top view of the separator tube in the example of Figure 1 

[Figure 5 J Explanation of another example which is based on the present invention 

(Figure 6] A cross section of the mass separator and separator tube in the example of Figure 5 

[Figure 7] Explanation of yet another example which is based on the present invention 

[Figure 8] Explanation of the other example which is based on the present invention 
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(Figure 9] Explanation of the results to measure the differences in the beam current dependency of 
the ion beam emittance with and without utilizing the present invention 



[Explanation of Labels] 

I Ion source 

3 Beam controller 

5 Sample substrate 

7 Gas introduction system 

9 Opening section 9 

I I ECR plasma 
13 Separator tube 



2 Mass separator 

4 Implantation chamber 

6 Ion beam 

8 Microwave oscillator 

10 Waveguide 

12 Flange 
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Figure 7 



Figure 8 



Figure 9 
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Translator's note 

In the first sentence of [0022], the text refers to Figure 6. The authors must have meant Figure 7 
instead. 
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[ISll 

•• (ai) 



[00131 iClT, kJi^|gc-C$>S. Igtl <7)m 

-^^^n^m^iMTd^X'^-^hixh. ^ 

f= ( 1/27C) . (e/m) 

[0015101 ff^mmrnx'^i. m^^z\i-74 ^ uwy 
mmizmmm%(^\>(r>t:m'>-^. -7^^^^m. 

ix. dLmm(r)^:^ymifi'itws<r>'^t-^imhXo 
^z^^ymn\]i!,LW£'^^mm=mkm\Ltz. 40 

{z^-omt^. ^ :iym.<rm:^m^wss^\^L<nh 
x-^nx'hh, ^:^yms.'t-mz^*>^j:i)^t>. m 
mmmmm:%m^<r>Mryn^m.-fhzt 

hKx^^hWd'hh . ^mmmx^ii-?^ 9 ^i^<nim. 

mLif^'^ViX^. 'h^<DA^yW;z-:>\^X\>imm:W& 



[00 141 
[iit2l 



B -(18:2) 
★ [0016101 coHMWTii. -f ^ymz'?^ 9 njg 
■<:tyi®$:figV^.50kVc7)-(5r >1ilffiT-it+m A- 
HniAl/'<jK7)gigb'>-ASr?|iliL/^. Kl:ta-SIII<7)iJ- 
fftt^A'r^v-f i^ajSSjgdRtil OGHzi: L/t. 

xiy^^^i^ir^mrrt xo\z^ '^mim<^^mm^ 

-e^o^*. ^*ft=i 3io4'fcii, 1 oc7)-7 
;!r>ir7X-7*ifg^Lit. r^x-7<r>!^.'Mizhtz-r>x 

li, ®ft^)-Jiia:H<om^Slg^l5tf-iicoi 0%gJgiiM 

^li. yyx-7iimx.^iz$imLxm.T^tz. 



' ' ("4 
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[ 0 0 1 7 ] 7-7 X-7,^t J; S > t'-AHtfcf^ffl 

1 0 0 1 8 1 ^<r>l^, ^ :i>m^t>^\^Mz^f-J^ 

0 s tTi2^m.X^-(:^y\^'-J^n^t LT 1 0 0 m A 5: 

-t, mi}'(>ryX-7(D^iZi^, t'-ix«g£ffi*<iix 

^. 'Srfc, m9Tiis.m^ yi-y^i^t Lf^mmi^t 

tztiK ^m. t:uy. 'jy, 8lS, -KS^o^f^j- 

[0019] mz. msim i ontgMtfett 

C 0 0 2 0 ] 04 {40 3 <?5^*f« 1 3<7)PmTS0$: 
*L^@-C'$>S. ^*f«{49 0- (ilfi)c7):;^?f^-C'$>0. 

'h.m<mmmxyh\.tzi~')\z^>mm:w^'^^% 40 

<03(c:S^L7t®ffi<|g) <^tJH4. ®fi^«Sg$-*t»t- 

hfz\h\,z'i^-'m%v^-mxhh, z.<r>fz}h. mxn^' 

l4icO{iiM^i4-f tTiSttTBO. ^ntCffoJ^-lSJ^ 

[ 0 0 2 1 1 <^(c. ms\timm,zm^<wmm<r) 



#S¥9-180662 

6 

[00221 S6{4*^BBt!Sr?<Si|iOlUfefif!l<?)SiBBS 

T-Si -5 . 0 1 (nm!mt:\m%W.l-<r)A ^ y t - a fc-o 

J4. gf^M^cT)^ Ti-y t'-A(3D^{C< A,'^. 1.414 

iSHi Lr^»^*« 5-3 0 GH z(^Sffl(7)V^-ri^*v^ 
lEH-C'X^i. A>^iS»«S (^l^<cJ4^ 7 'f X h n y^S 
8' Sffluy^, i;tl^«eEPS?Sl7?:^(tTJSJ^ 

m:%Uz. HTl 6I4®4^>-«SI<7)3^;H Scow 

«®T-j>'). ^(r>^m^^mznmhmi\ ^-^ 
mmm<r>-u%:m^^^m^\,zxtt. ^^ft^tc^st 

a}L«E{45 0kVT2bO. ^M^'f3j-yt'-Ai& 

mi^^co-{ :^yt'-J^^cr)W^^ti^^nx.fc, 
[00231 man. *l|8«t J: 2.»iKoieitfiai«oSi^0 

OGHz) (DicD^m-^t:. z:ix\ ■i^ymw*)^ 

l^tmib t4M^ 0 , ®S:i)^SISiOJS«3S^J4-^ 
t2«*>«^^-9-'f ^' u ho ym^mi^l-fiz^ 1 -cv 

^^i^ i t izX'yxm<o^ :ty9mM:»m^iti x 

4:^ymip(><0t'~A^tf^t>h^i:^h-^fi:. tA» 

r7X-7^t3iOb--AS)S$/«s#$*iss«im 

J4l^:K(c?l*^f>iit. 

[0024] ^fc, *||te^-C{4i:i^1^-^ i^'o huyJt 
US (ECR) tc:J:-5r7Xv4^<cr;l':^y*'XS:fflv^ 
fzt\ ^'It^XfXT'tftV^i t {4*ISB^IC0*«*-^ t-Cflfl 

ht^x'hh. ttzmii}-'t:>mB(r>mmx'\t. -f:tya 

^ix. z-tiif^wmmm^zmmmt i^xw^^ti 

if>. ^m^ismm^mzi^voymtmmn:. 

•€-cotsm. '^uay^^mimA{zm^^i.\''^npkm± 
mhtitz. ^ttc^^yaA^o'pjffltJ4jifflji. * 

ifmiz-m^j:ztmi)^^fz. -it. fla;?»^srM 

m*^-miz^Ki>z^j: h tzisb , »|S±. v- K a y^c^AS 0 
#Jt^tcJ: l.r^^feB6±«{45FSTS)^Ji:. 
[00251 
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[06] m5<r)mmi^mi>nM.mmi5Xu^^ws 
<7)DfaB0. 

[07 ] <SII(OlUfef«ol)i«0. 

[08 ] :¥mizm-:f<m<7)m^m<omm. 

[ 0 9 ] *%Bflcr):tiltc i I. 'f 5i- y b- AX * V y;^ 
(^^oiiiB«] 

i-^y^ym. 3-t'-Amm^. a 

^HA^. s-'^^ij'oifeiifis. 10- 

^J^. 1 l-ECRr^XV. 12-77y>'\ 13 

■•■■mm. 
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